We present a report of the parental ages (n ϭ 865) and parental origin of meiotic nondisjunction (n ϭ 236) that are likely to show a predisposition in the etiology of Down syndrome (DS). Chromosomal analysis, performed over a 20-year period, on 1001 Down syndrome subjects, revealed pure trisomy 21 karyotype in 880 subjects (87.92%), mosaic trisomy karyotype in 77 (7.69%), and translocation karyotype in 44 (4.39%). The mean maternal age was found to be 30.34 years, and mean paternal age was 31.04 years. Nondisjunctional error was 79.24% maternal and 20.76% paternal. The findings of the study revealed the significant contribution of advanced parental age and increased maternal meiotic nondisjunctional error to the origin of trisomy 21 Down syndrome.
Introduction
Ever since the discovery of the extra 21 chromosome was made, various workers have attempted to explore the cause of nondisjunction of chromosome 21. Important factors in the conception of trisomies are delayed fertilization, advanced maternal age, and increased satellite associations (German 1968; Hansson 1979; Fox and Sindwani 1985) . Other factors, such as physical, biological, and chemical mutagens, have also been found to cause nondisjunction (Ghalib and Isaac 1991) . The present study was performed to ascertain the role of parental ages in the occurrence of trisomy 21 Down syndrome (DS) and to detect the origin of the extra chromosome 21 by comparing the chromosome 21 polymorphisms of the parents and their DS children.
Subjects and methods
We investigated 1001 Down syndrome subjects and their parents who were referred for cytogenetic confirmation to the Institute of Genetics and Hospital for Genetic Diseases, over a period of 20 years (January 1979 to January 1999). These subjects were referred from various districts of the state of Andhra Pradesh, South India. Complete clinical assessment of the subjects, and information pertaining to age, region, religion, habits, health status, birth order, pedigree, medical histories, parental age at the time of conception, and the reproductive history of the parents were recorded in special case records. Informed consent was obtained from the parents before inclusion in the study.
Chromosomal analysis was carried out on DS subjects and their parents, using peripheral blood lymphocyte culture, modified according to the method of Moorhead et al. (1960) . A minimum of 20 G-banded metaphases were analyzed per individual, according to the method of Seabright (1971) . In cases of mosaicism, 50 or more metaphases were scored. Polymorphism exhibited by chromosome 21 was recorded after thorough screening of the banded chromosomes of the DS child and the parents. Based on the size and structure of the chromosome 21, its satellites and stalks, the origin of the extra chromosome 21 was decided visually and was confirmed after microphotography.
Statistical analysis was carried out using Student's t-test.
Results and discussion
Chromosomal investigations were performed in 1001 Down syndrome (DS) subjects; trisomy 21 DS was shown in 880 (87.92%) subjects, mosaic DS in 77 (7.69%), and transloca-tion DS in 44 (4.39%) subjects. The sex ratio of male-tofemale DS subjects was 1.41 : 1. Data pertaining to the parental ages of DS subjects at the time of conception was recorded for 865 subjects (Table 1) . The mean maternal age was 30.34 years (age range, 15-46 years) and the mean paternal age was 31.04 years (age range, 18-60 years); 80.80% of DS subjects were born to mothers of age less than 30 years and 19.2% were born to mothers aged more than 30 years. For the fathers, the percentages were 51.67 (less than 30 years) and 48.33 (more than 30 years), respectively.
In Western studies, the mean maternal age at conception of DS children was found to be 34.4 years, as compared with 28.2 years in the general population (de Grouchy and Turleau 1983) . In our study, the mean maternal age was 30.34 years for DS children and 22.1 years in the general population. The mean maternal age in the present study is lower than that reported in the Western literature. This difference could be due to the fact that in South India, marriages are mostly performed at an earlier age, of 20-25 years, or even at a lower age. Table 2 shows the distribution of maternal age in DS subjects with respect to karyotype, and controls. In subjects with pure trisomy 21, the percentage of DS children born to mothers aged less than 30 years of age was 80.6%, whereas in mosaic DS subjects, it was 77.77%. We observed an increased percentage of translocation DS children (89.74%) born to mothers less than 30 years of age. In mothers aged more than 30 years, an increased percentage (22.23%) of mosaic DS children was observed, followed by pure trisomy 21 (19.4%) and translocation DS (10.26%). In control subjects, the percentage of normal children born to mothers aged less than 30 years was 96.6%, with only 3.4% in mothers more than 30 years of age. In the present study, 0.8% of mothers in the control population were more than 35 years of age, whereas 6.68% of DS mothers were aged more than 35 years. This directly indicates that there is a relationship between maternal age effect and DS.
Paternal age has also been implicated in the etiology of trisomy 21 Down syndrome, but the evidence is contradictory. Table 3 shows the distribution of paternal age in DS subjects with respect to karyotype. A significantly increased incidence of Down syndrome was reported in the children of Danish men over 55 years of age by Stene et al. (1977) . Similar findings were reported by Matsunaga et al. (1978) for Japanese men and by Erickson and Bjerkedal (1981) in the Norwegian population. However, studies by Roth et al. (1983) and Roecker and Huether (1983) failed to find a possible link to increasing paternal age and the incidence of DS. In the present study, the percentage of fathers aged more than 40 years was greater in the trisomy 21 DS group (12.72%) compared with controls, translocation DS, and mosaic DS subjects, indicating a possible role of paternal age in the etiology of trisomy 21 DS.
Data on parental age in relation to the contribution of chromosome 21 are presented in Table 4 . The mean maternal age of mothers contributing the extra chromosome 21 was estimated as 26.66 Ϯ 5.95 years, and mean paternal age was estimated as 32.46 Ϯ 6.61 years. Table 5 shows the parental origin of meiotic nondisjunction of chromosome 21. Detection of the parental origin of chromosome 21 was possible in only 236 subjects. Nondisjunctional error was 79.24% (n ϭ 187) maternal and 20.76% (n ϭ 49) paternal. Among the 187 mothers, the first meiotic nondisjunction was observed in 149 (63.14%) subjects and the second meiotic nondisjunction was observed in 38 (16.10%) subjects. In fathers, the first and second meiotic (Table 5 ). The mean maternal age for meiotic I error was comparatively higher than that for meiotic II error.
Similarly, statistical analysis of paternal age showed the mean values to be 31.65 Ϯ 6.09 years for meiotic I error and 34.5 Ϯ 7.63 years for meiotic II error. The mean paternal age for meiotic I error was lower than that for the meiotic II error. Paternal age could be a factor in the etiology of DS, if the age is advanced.
Maternal and paternal ages in relation to the contribution of chromosome 21 in mosaic DS subjects were 27.4 Ϯ 5.31 years and 32.12 Ϯ 5.64 years, respectively. There was no significant age difference between the parents of mosaic DS subjects and trisomy 21 DS subjects (P Ͼ 0.05).
In the present study, the frequency of meiotic I abnormality was predominant over meiotic II abnormality for both sexes. Pooled data from the present study and studies reported earlier (Table 6) , by Magenis et al. (1977) , Mattei et al. (1979) , and Buraczynska et al. (1989) , also revealed that maternal meiotic I nondisjunction was predominantly responsible for the trisomic condition in Down syndrome children. Similar findings were also reported recently by Ballesta et al. (1999) . The findings of the present study, carried out in a population of large sample size, indicated the significant effect of advanced parental ages and maternal meiotic errors in the occurrence of trisomy 21 Down syndrome. The study of the origin of the extra chromosome 21 helped us to offer appropriate genetic counselling and prenatal diagnosis to the couples for their future pregnancies.
